verse at larger retinotopic distances such that opposite center-type inputs should tend to be more coactive than like center-types. These correlations induce ON and OFF cially correlated activity into the developing visual pathway of the ferret through chronic electrical stimulation LGN inputs to sort themselves out such that they form spatially segregated, adjacent bands across the simple of the optic nerve (Weliky and Katz, 1997). Periodic bursts of pulses, applied through a cuff electrode imcell receptive field, an arrangement that endows the cell with orientation selectivity. As predicted by this model, planted around the optic nerve, synchronously activated retinal ganglion cell axons. In this experiment, the dea manipulation (such as ABP injection) that alters the correlational structure of this activity should disrupt regree of correlated activity between ON and OFF ganglion cells was increased above normal. In stimulated aniceptive field development. While this interpretation of the experimental results is enticing, it should be viewed mals, the orientation selectivity of visual cortical cells was significantly reduced but not abolioshed. While the with appropriate caveats. First, there are some subtle differences between the ferret and cat visual system amplitude of optically imaged differential iso-orientation maps was also significantly reduced compared to unthat may bear on the interpretation of results. , 1996) . However, bursts ther eye-specific segregation than animals treated for only the first 7 days, suggesting a more premissive role within ON and OFF LGN layers occurred synchronously and at the same frequency. Taken together, these refor activity (Cook et. al, 1999) . Furthermore, blocking retinal activity in older animals after eye-specific segsults demonstrate how the coupling of multiple mechanisms, including endogenous network oscillations and regation is complete causes desegregation to occur (Chapman, 2000) . While these experiments demonstrate feedback connections, produce emergent patterns of spontaneous activity within the LGN. In this way, the that activity-dependent mechanisms are necessary for establishing and maintaining LGN eye-specific layers,
LGN does not simply relay patterns of retinal activity to the cortex, but rather this activity is reshaped and it is unclear whether retinal activity plays a permissive role in these processes or whether patterns of correlated transformed by corticothalamic interactions. Many features of the experimentally observed correlaretinal activity play a more instructive role in patterning these connections. tional structure of LGN spontaneous activity are consistent with the predictions of correlation-based models While much is known about the spatial and temporal structure of retinal spontaneous activity, the properties of cortical map and receptive field development ( Correlation-based models demonstrate that the independent development of orientation preference and 1993). In addition, only weak orientation selectivity is present in visual cortical neurons (Chapman and Stryker, ocular dominance maps have competing requirements in terms of the correlational structure of LGN spontane-1993), and it is several days before orientation preference maps can first be detected using optical imaging ous activity: ocular dominance maps require locally asynchronous activity within different eye-specific layat P32-P34 (Chapman et al., 1996) . Thus, orientation preference maps and orientation selectivity appear to ers, while binocularly matched orientation maps require synchronous activity. Locally asynchronous activity inbe initially emerging during this stage of visual system development.
duces inputs from the two eyes to segregate into separate ocular dominance bands, while synchronous acCross-correlation analysis revealed systematic differences in correlated firing between different ON/OFF and tivity yields local alignment of preferred orientations between the two eyes. Joint ocular dominance and orieye-specific layers: neurons within the same eye-specific and center-type layer were most highly correlated, entation maps will form only under specific conditions. Under these conditions, there must not only be differneurons within the same eye-specific but opposite cen-ences in correlated firing between ON/OFF cells, but a and the formation of cortical columns. By utilizing new bias must exist such that local within-eye activity is more methods to manipulate and record neuronal activity pathighly correlated than between-eye activity. This is what terns directly within the developing visual pathway, the was experimentally observed in the LGN (Weliky and mechanisms by which activity shapes and refines neural Katz, 1999). Since the retinotopic location of recorded circuits within the visual cortex are becoming better LGN neurons was not determined, these experimental understood. These studies are revealing that highly orobservations cannot test the more detailed model preganized patterns of correlated neuronal activity are dictions in which like center-type inputs (either ON-cenpresent within different stages of the developing visual ter or OFF-center) should tend to be more coactive than system and that the fine scale manipulation of these opposite center-type inputs at small retinotopic dispatterns can dramatically disrupt the normal developtances and that this relationship should reverse at larger ment of visual cortical structure and function. While retinotopic distances.
these results provide evidence that neuronal activity Another mechanism by which correlated neuronal acplays an instructive role in shaping cortical circuits durtivity may contribute to the development of orientation ing development, it is likely that neuronal activity plays selectivity is suggested by experiments demonstrating a more complex and subtle role that may be both instruc- required for formation of ocular dominance columns, they do not rule out a role for activity in general. Following binocular enucleation, overall levels of correlated activity actually increase between all LGN layers, although they do not increase uniformly between all layers (Weliky and Katz, 1999). Variations in correlated activity that are still present between the different eye-specific LGN layers could be sufficient to drive the segregation of thalamic afferents into ocular dominance columns within the visual cortex (Erwin and Miller, 1998). While patterns of spontaneous activity within the visual cortex are not yet known, it is also possible that appropriate spatiotemporal activity patterns within visual cortex are present both before and after binocular enucleation and act to guide the clustering of horizontal connections
